the absolute magnitudes of the visual discrimination powers. The bee's visual acuity at its best is lower than the lowest human visual acuity. Under maximal, conditions for each eye the fineness of the resolving power of the human eye is about one hundred times that of the bee.
No data have been available concerning the relation between visual acuity and intensity discrimination. Accordingly, an investigation of this relationship has been made, with the bee's eye. The procedure was in principle the same as in the previous studies (Hecht and Wolf, 1928-29; Wolf, 1932-33) .
II

Apparatus and Procedure
If the visual field of a bee is made up of a pattern of alternating dark and iUuminated bars, or of alternating bars of different brightnesses, the animal will respond to any displacement of this field as long as there is maintained not less than a certain minimum difference in the brightnesses of the alternate bars. In case the animal cannot "resolve" the pattern, either on account of the width of the stripes at a given illumination, or on account of a smaller difference in brightness of alternate bars than is necessary for distinction, the field will act as if uniformly illuminated and a displacement of the field will not elicit a response.
The general method for testing the visual acuity and the intensity discrimination of the bee has been described in detail in two previous papers (Hecht and Wolf, 1928-29; Wolf, 1932-33) . With the help of Fig. 1 the nature of the experimental procedures can be made outThe striped pattern underneath the inclined creeping plane upon which the bee crawls can be moved sidewise. For the visual acuity test the pattern plates were made of stripe systems of different widths, and for each width of stripe the necessary intensity given by source B was determined for the first noticeable response of the bee. In testing intensity discrimination, only one wide stripe width was used, and for each given illumination / furnished by source A the necessary intensity of zXI for minimal response furnished by source B was determined; and thus one curve was obtained with that one width of stripe. In com-bining both visual acuity and intensity discrimination tests, the width of the stripes had to be altered and a complete curve for intensity discrimination worked out for each width of stripes. Altogether, ten different widths of stripes were used. The larger ones were made by putting opaque black paper strips on the lower surface of opal glass plates, and covering the paper stripes from underneath with a clear glass plate to press them tight against the opal glass. The finer stripes were machine-engraved on glass and have the opaque areas filled in with black printer's ink. These plates were covered with opal plates in the same manner. During use they were fitted into the movable frame ( Fig. 1 ) so that the opal plate was on top nearest to the bee. The visual acuities determined by these plates depend upon their distance from the eye of the bee. It was arranged in these experiments that the average distance of the upper surface of the opal plate from the bee's head was the same as in the visual acuity experiments carried on some years ago (Hecht and Wolf, 1928-29) . The distance to be considered in the intensity discrimination tests is not the distance from the center of the bee's eye to the pattern plate, but to the upper surface of the opal plate, because the opal plate acts as a diffusing screen giving an image of the bars of the same width on its upper surface. The average distance, which varies slightly from plate to plate and from bee to bee, was 17.3 ram., which corresponds to the value we had in the visual acuity experiments (Hecht and Wolf, 1928-29) . Consequently the values for the visual angles subtended by the bars, and the corresponding visual acuities, were in the two cases identical. In Table I the dimensions of the bars and spaces, the resulting visual angles, and the reciprocals of the visual angles repre- The experiments were carried on exactly in the same manner as the previous ones. Over a desirable range of intensities (I), the necessary respective values for M were determined, and thus intensity discrimination curves were obtained for each set of stripes. With source A turned on, the upper surface of the opal plate will look evenly illuminated (I); with light from source B in addition, the spaces in between these stripes will have a brightness I + AI; so that by appropriately changing the intensity given by source B the minimal difference in brightness between the two line systems can be determined which gives a just noticeable response of the bee to a lateral displace-ment of the line systems. Each point plotted on the curves (Fig. 2) represents an average of ten tests with different individuals. Besides the formerly derived intensity discrimination curve, nine new ones were obtained. Altogether 1,120 bees were tested at different intensities and widths of stripes. The results are given in 112 plotted points, to which the best fitting curves were fitted for the different visual acuity levels.
III
RESULTS
The experiments were carried on during the latter part of the summer and fall of 1932, with the same apparatus used during the earlier part of the year for the first determination of intensity discrimination by the bee. The light sources at their different positions and the intensity values given at different diaphragm openings were re-calibrated. Then the intensity discrimination at different visual acuities was studied in the order of the magnitudes of the bars from the largest width to the smallest, in the same order as indicated in Table L The data obtained for the different widths of stripes are given in Tables II The values for AI/I at each level of visual acuity vary in a significant manner with illumination. For each case, at low intensities z~I/I is greatest; it decreases smoothly as the illumination is increased.
At the highest illuminations the values for intensity discrimination at different visual acuifies are about identical. At lower illuminations they differ significantly according to the dimensions of the striped pattern used and to the visual angles subtended by the different stripe systems. The probable error of ~I/I decreases with increasing I for each visual acuity in the same way as does AI/I itself; and as aI increases with increasing I, the probable error of hi increases. In Fig. 2 the data are set out graphically. The points plotted are the mean values for all individuals tested at the respective intensities.
TABLES OF DATA M e a n values for intensity discrimination a t different visual acuities a n d at different intensities measured in millilamberts with their P.E. (number of observations = 10 in each case).
I I AI I
AI/I MiRilamber ts Millilamberts 
INTENSITY AND VISUAL ACUITY IN THE BEE
The first curve (open circlets) is the intensity discrimination graph published previously, where the width of the bars of the pattern was chosen great enough so that the bees were able to react to the bars at any illumination used. The nine other curves are intensity discrimination curves for increasingly greater visual acuities. These curves show that with greater visual acuities, intensity discrimination gets worse at lower illuminations, whereas at higher intensities the discrimination power is improved in practically the same course as in our first experiments--until at the highest illuminations visual acuity does not interfere with the discrimination, save for the two smallest sizes of striped patterns, for which the curves do not come down to the same level within the range of intensities used. This, however, is due only to the fact that one is practically limited in obtaining high enough intensities for I and 41, providing in the extreme case values for 41/I which would correspond to the minimal value found for smaller visual acuities.
IV
The ten curves for intensity discrimination at different visual acuities are in their general course identical, with a progressive shift to greater values on the log I scale in Fig. 2 . This suggests a significant interrelation between visual acuity and intensity discrimination. The gradual shift of the curves to the right is not so evenly spaced in relation to the width of stripe as one might perhaps expect. The shift corresponds much more to the difference in abscissa values found for the positions of the points on a visual acuity curve for the bee. And so the question arises, whether one is able to construct a series of visual acuity curves from the intersections of the intensity discrimination curves with a given ordinate value of 41/1.
In Fig. 3 , four such reconstructions of visual acuity curves are given. The first curve (white circles) is the visual acuity curve obtained by Hecht and Wolf (1928-29) . The second curve (black circles) is a visual acuity curve constructed from the intersections of the intensity curves with the ordinate M/I = 310; the third (open squares) is at 41/1 = 2.0; the fourth (black squares) at M/1 --1.0; and the fifth (half circles) at M/1 --0.5. The curves fitted to the points are the same as the original curve, only shifted to the right. The fit is reasonably good, and is sufficient to show that the curves are essentially identical. The graph shows that with ~I/I getting smaller the fit of the curve becomes better, which is only to be expected because at higher intensities more precise settings can be made, as the bees give sharper and more definite responses.
/S "g "l 0
+1 +~ Log I-PItllilctab~t~ FIc. 3. Visual acuity curves reconstructed from the data given in Fig. 2 . The first curve is the original visual acuity curve for the bee; the second is reconstructed for AI/I = 3.0; the third for M/I ---2.0; the fourth for M/I = 1.0; and the fifth for M/I = 0.5.
A visual acuity curve provides the magnitudes of I corresponding to successively decreased width of stripe at a given magnitude of M/I; AI measures nearly enough, for each value of I, the increase of intensity which is necessary to bring into action a certain constant number of additional receptors. Consequently we should expect that, for decreasing magnitudes of AI/I (that is, increasing values of I and AI), the visual acuity curve must shift toward the right, that is, toward higher levels of I: but that its form should not be changed. This is evident in Fig. 3 .
For visual acuity tests in which the bee reacts to a pattern of alternately black and illuminated stripes, we may say that ~I/I equals infinity, which means I --0. If we intend to obtain from our different intensity discrimination curves a curve which would be identical with the first of the five curves in Fig. 3 , we have to take the values on the curves at a very large magnitude of ~I/I. It can be shown that the points of the original visual acuity curve (Hecht and Wolf, 1928-29) and the curve at AI/I = 6.0 fall very close together, and presumably on extrapolating to still greater values for ~I/I the two curves would actually coincide. No attempt has been made to show this graph because the intensity discriminations at even values of ~I/I = 4.0 is pretty uncertain, so that one cannot put too much emphasis on the observations made beyond that point. Some points of the desired visual acuity curve (AI/! > 6.0) would fall onto the left of the original visual acuity curve where AI/I was infinite, and that would be practically impossible; consequently all such values only indicate that at such low illuminations settings of the apparatus accurate enough to be reliable cannot be made.
The reproducibility of the visual acuity curves from the intensity discrimination data, in view of the delicacy of measurement and of curve fitting, is of some special interest. The data collected in the AI/I curves were obtained from different animals of the same colony. Each point on the curves represents a mean value for ten different individuals. It has been emphasized previously that on account of the genetic uniformity of the members of a colony of bees, there is no special need for establishing a complete intensity discrimination curve with one single individual. It has been shown that frequent handling of the bees for repeated observations upon one worker actually interferes a good deal with the accuracy of the determinations. It is furthermore of interest to see the reproducibility of the visual acuity curve by comparison with that obtained using bees of a different colony some years ago (Hecht and Wolf, 1928-29) . This indicates not only that a fairly high degree of uniformity as to reactions exists within the members of one single colony, but also among different colonies of commercial lines of bees.
The visual acuity computed from the width of the stripes and the distance of the pattern from the bee's eye is in surprisingly precise agreement with the observations. It was mentioned before that for these determinations the distance of 17.3 ram. from the center of the bee's eye to the upper surface of the opal cover-plate had to be considered, and not the distance to the actual stripes which is 18.7 ram. If one attempts to fit the original visual acuity curve to the greater visual acuity values based upon the distance to the bars, the fit of the curves at once becomes inadequate. This indicates that for one set of determinations of visual acuity values at different illuminations, only one best fitting curve can be drawn. SUMMARY 1. Bees respond by a characteristic reflex to a movement of their visual field. By confining the field to a series of parallel stripes of two alternating different brightnesses it is possible to determine for any width of stripe, at any brightness of one of the two sets of stripes, the brightness of the second at which the bee will first respond to a displacement of the field. Thus the relations between visual acuity and intensity discrimination can be studied.
2. For each width of stripe and visual angle subtended by the stripe the discrimination power of the bee's eye for different brightnesses was studied. For each visual acuity the intensity discrimination varies with illumination in a characteristic, consistent manner. The discrimination is poor at low illuminations; as the intensity of illumination increases the discrimination increases, and reaches a constant level at high illuminations.
3. From the intensity discrimination curves obtained at different visual acuities, visual acuity curves can be reconstructed for different values of AI/I. The curves thus obtained are identical in form with the curve found previously by direct test for the relation between visual acuity and illumination. BIBLIOGRAPHY Hecht, S., 1923-24 , Intensity discrimination and the stationary state, J. Gen.
Physiol., 6, 355. Hecht, S., 1924-25 , The visual discrimination of intensity and the J. Gen. Physiol., 7, 235. 
